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INTRODUCTION
Honeybees (Apis mellifera L.) forage in a wide range of vegetables and water sources in different places and therefore they strongly interact with the environment around the hive. Consequently, honeybees, honey and other products of the hive reflect the pollutants that are present in (or on) the forage plants, the atmosphere, the water and the soil of the area in which the hive is located. This fact led to the proposal that honeybees themselves, honey and other related products could be potential bioindicators to monitor pollution in the vicinity of the hive (Devillers and Pham-Delègue 2002) . The use of honeybees and their products -as well as other insects such as ants (Grześ 2010)-for environmental monitoring purposes is not a new idea. Svoboda (1961) published the first report on the adverse effects of arsenic on honeybees caused by industrial pollution in certain areas of Czechoslovakia. The same author (Svoboda, 1962) proposed a system for monitoring 90 Sr from nuclear experiments through the radioactivity produced by this radioisotope in honey. Therefore, hive-products have been used to monitor different types of contaminants, particularly metals and radionuclides. Heavy metals and radionuclides (from the Chernobyl catastrophe) are ubiquitous contaminants in most environmental scenarios, and both pollutant types have important influence on living organisms. Moreover, the dynamics of these contaminants in the biosphere are the same or very similar in most of cases because they have similar chemical properties.
Metals are found naturally in the earth and they become concentrated by anthropogenic activities. The main sources of metals include mining and industrial wastes, vehicle emissions, urban emissions, wastewater and agricultural activities, amongst others. Over the last decades of the past century, different studies based on honeybees, honey or other hive products have been carried out to evaluate and monitor pollution due to heavy metals in industrial and urban areas. With regard to D r a f t radionuclides, two main sources are responsible for artificial radionuclide production and dispersion throughout the biosphere: atomic weapons tests and accidents in nuclear plants. Other minor emissions of radioactive material can be produced in nuclear processing and reprocessing plants, atomic and medical laboratories and other nuclear facilities. The first studies on the levels of radionuclides in honeybees and honey were carried out in the United States in New York (Gilbert and Lisk 1978) and in Los Alamos National Laboratory, New Mexico (Fresquez et al. 1997a (Fresquez et al. , 1997b . The accident at Chernobyl (Ukraine) in 1986 released a great quantity and variety of radionuclides into the atmosphere during a period of at least nine days. These nuclides were subsequently transported by the winds and reached large areas of Europe. Therefore, from these data the effect of radionuclides (such as D r a f t 5 matter of debate and, as a consequence, the use of both substrates is critically evaluated.
HONEYBEES AND HONEY AS POLLUTION BIOINDICATORS
Honeybees can fly up to 4-5 km from the hive in all directions, but the majority of flights (due to the energetic consumption of bees) are in the range up to 2 km. Therefore, the area that is realistically sampled by honeybees is represented by a circular area of approximately 12 km 2 surrounding the hive (Hoopingarner and Waller 1993) , although other authors consider larger (Seeley 1995) or smaller (Crane 1984) areas. On the basis of the extensive area foraged by bees, and taking into account that the production of 1 kg of honey requires more than 100,000 foraging flights, it is clear that both honeybees and honey could be appropriate random sample substrates that may be highly representative of the average levels of bioavailable pollutants in the foraging area environment. Other diverse bee products (such as propolis, wax and pollen) have been employed as sampling materials to monitor environmental pollution (Celli and Maccagnani 2003; Kalbande et al. 2008 ), but honeybees and honey are the most commonly employed matrices among all the hive products.
When honeybees collect nectar, honeydew, pollen and other plant exudates, they come into contact with plants, soil, air and water. In contaminated areas, both metals and radionuclides from different sources can be globally distributed throughout the biosphere (and the stratosphere in the case of radionuclides from weapons tests), and therefore they enter the food chain by vegetal and animal uptake. If the surroundings of the hive are polluted by heavy metals or artificial radionuclides, contaminants distributed in these media are ultimately incorporated into the honeybees and the hive products ( Figure 1 ). This contamination results in an alteration (generally elevation) of the levels of these undesired pollutants ). Thus, different analytical D r a f t 6 aspects should be taken into account during sample collection, sample pretreatment and the determination procedures employed when honeybees and honey are used as environmental biomarkers.
Sample collection: the hive as a passive sampling device
The economic cost of monitoring with honeybees or honey is markedly lower than for other traditional sampling procedures. Hives are low cost devices for spatial and temporal surveys and their management does not require specialist personnel. In addition, beehives do not require a power supply and they can therefore be placed in isolated locations in which infrastructure to monitor the environment is not available (Van der Steen 2016). Moreover, honeybees and honey have other advantages as monitoring substrates. Apis mellifera L. is a species of particular interest for this goal for the following reasons: (i) its management is well known by humans since ancient times; (ii) honeybees have a high rate of reproduction; (iii) the physiology, behavior and ecology of honeybees are well known; and (iv) they are ubiquitous organisms with modest food requirements (Porrini et al. 2002b; Badiou-Bénéteau et al. 2013 ). On the other hand, the use of honey has other different advantages: (i) the sample produced by stationary apiaries is descriptive of long temporal patterns of the foraging periods; (ii) the samples are readily available and easy to obtain and manage; (iii) honey is a water soluble matrix and it is chemically simple, and (iv) in general the use of honey reduces the sample pretreatment required prior to analysis in comparison with honeybees. For these reasons, both of the aforementioned substrates have been used as appropriate environmental bioindicators.
It is clear that sampling is the critical step when honeybees or hive-products are used to obtain environmental chemical information on the distribution of pollutants in the considered area. The experimental design, the number of colonies or apiaries to be D r a f t 7 considered, where and when a colony should be sampled, the substrate to be employed to extract environmental information, the corresponding size of the sample according to the substrate used, amongst other factors, all have an influence and they need to be carefully considered. Despite the information outlined above, in a large proportion of published papers (see Tables 1-3) , the sampling design commonly employed is simple and it involves locating a certain number of hives in the polluted area to be sampled.
Another set of honeybee colonies was also placed in unpolluted zones for comparison purposes (as a control). The number of sampling colonies or apiaries, the number of honeybees or honey samples analyzed and their size are highly variable. It is also remarkable that in a high percentage of these studies, information concerning the criteria followed for choosing these relevant parameters is not provided. Moreover, and with the exception of extensive monitoring works, a significant number of studies used a limited number of samples obtained from a reduced number of sampling points over a short period of time. This fact, as stated by various authors themselves, limits the conclusions that can be drawn about the environmental health of the sampled area.
In an interesting recent study Van der Steen (2016) proposed that the whole honeybee colony should be considered as a passive bio-sampler for pollutants and that this approach works on three levels (see Figure 2 ). The first level concerns the use of hives/apiaries in the area to be studied for sampling the environment of the surroundings (field sampling), the second involves the sub-sampling of these hives to obtain representative amounts of honeybees or other hive-products such as honey (colonies/apiary sub-sampling), and the third consists of analytical determinations on honeybees or honey and data processing to provide useful environmental information Pirk et al. (2013) , in which certain guidelines on the statistical designs for honeybee-based research are presented.
Moreover, the specific chapter on statistical guidelines in the first volume of BeeBook on standard methods for Apis mellifera research edited by V. Dietemann et al. (2016) (also including supplementary examples) is also a good source for a deeper understanding of this aspect. Two examples of the application of this strategy of considering the whole hive as a bio-sampler for monitoring metal concentrations are summarized in Figure 3 . In both cases, hives were subsampled for adult honeybees as the measurement substrate. It can be seen that a framework consisting of seven steps was defined in order to use appropriately the honeybee colony as a passive sampling device. Once the target analytes had been selected (a set of 18 metals), the colonies could be placed according to the ubiety and distribution of the pollutants in the random foraging area. The number of colonies and the choice of sampling with individual hives or with pooled samples from each apiary must be taken based on the objective of the study. In the first work (Van der Steen et al. 2012) , performed with the goal of studying the potential of honeybees to detect and monitor spatial and temporal metal concentrations, three sampling locations in the Netherlands (urban, rural and industrial) were employed with three honeybee colonies per location (a total of 9 colonies) during a period of three months. Individual colonies were measured to ascertain whether there D r a f t 9 were differences between them. However, in the second paper (Van der Steen et al. 2016 ), which concerned a surveillance study for metals in honeybees in the Netherlands carried out in 2008, a very high number of 150 apiaries in 9 regions of the country were necessary in order to achieve an adequate sampling procedure. The sample size was calculated on the basis of binomial probability theory and taking into account two factors: the percentage of foraging bees carrying the target analyte to the hive and the probability of detection of the target analyte (Pirk et al. 2013) . Once the colonies had acted as a passive sampling device during the appropriate time, the next step was to subsample the hive to obtain a representative honeybee subsample. The subsampling of the hive can be carried out in both sacrificial and non-sacrificial ways. In the sacrificial approach, the bees (or other hive-products) are killed (or destroyed) for analysis, whereas in the non-sacrificial strategy the bees are not killed and the target matter is picked up from the body surface of the bees by means of appropriate devices. The number of honeybees that constitutes an adequate subsample was also calculated on the basis of the binomial factors mentioned above. With this approach, it is necessary to acquire several hundred bees for low concentration analytes, while for more abundant targets several teens are enough (Pirk et al. 2013) . In both cases at hand, representative sacrificial subsamples composed of 100-150 worker honeybees were taken from the outer frame of each hive. Finally, the metal determinations were performed by using inductively coupled plasma optical emission spectrometry (ICP-OES) after acid mineralization of the honeybee subsamples. Thus, following this (or a similar) framework strategy, representative samples can be attained with a good chance of detecting the target analyte.
The subsampling process for collecting honeybees or honey merits a few further comments. In the case of sacrificial honeybee subsampling, diverse types of structures, D r a f t traps and devices for the collection of bees have been employed, such as Gary´s cages, underbasket traps, dead bee traps and electronic bee counters, amongst others (see Porrini et al., 2002b for a detailed description). For non-sacrificial honeybee collection tubes internally lined with a plastic sheet (Halbwirth et al. 2014) or beehold tubes covered by a thin transparent PVC foil holding a sticky polyethylene (PEG) layer were used. The plastic sheet or PEG layer physically adheres the particles attached to the hair and feet of the honeybees entering the hive (Van der Steen 2016). In the case of honey, the acquisition of the sample is simpler because it can be obtained by the extraction process commonly used by beekeepers, and the only question is how to obtain sufficient subsamples to achieve good representativeness of the final pooled sample. It is important to note that appropriate materials and procedures should be employed in order to avoid contamination of the sample, both for the collection of honeybees and the extraction of honey (especially in centrifugation and storage vessels). In addition, for this purpose some authors recommend the use of apiaries particularly constructed using fir wood and with all other elements free from any metal parts (including the hive door and honeycomb spacer) (Conti and Botrè 2001) . If the analysis is not performed immediately, the appropriate storage of the sample is another important issue. For suitable conservation of the sample, honeybees must be frozen (or lyophilized), dried and pulverized, and honey must be stored in glass containers at 4 ºC in the dark.
Sample pretreatment and analytical determination techniques
Once the hive has been used for field sampling and the appropriate substrate subsample has been obtained from it, honeybees or honey must be pretreated before (Leita et al. 1996; Lodenius 2000a, 2000b; Perugini et al. 2011; Sadegh et al. 2012; Satta et al. 2012; Silici et al. 2013; Gutiérrez et al. 2015) at high temperature and/or with microwave-assisted systems. Other acids such as H 2 SO 4 (Lambert et al. 2012) and HCl (Van der Steen et al. 2012) have also been used. After this mineralization step, the determination of a set of metals using different atomic spectrometric techniques was performed on the solution obtained after appropriate dilution. The digestion step is avoided in cases where the measurements are aimed at studying the metals deposited on the honeybee (e.g., for the evaluation of air pollution).
In this case, collected foragers were directly washed with dilute HNO 3 in order to extract soluble metals from the surface of their bodies (Leita et al. 1996) , and the D r a f t resulting acidic solution was subsequently subjected to chemical analysis.
When honey was employed as the sampling substrate, both dry or acid wet decomposition were used in order to produce a measurable solution. By employing these two mineralization procedures, the honey organic matrix was removed and the metals contained in the sample were appropriately transferred to the acid solution as ions. It can be seen from the references cited in Table 2 The determination of metals at low concentrations in the acidic solutions resulting from the sample pretreatment of honeybees and honey has been performed using different analytical techniques involving potentiometric stripping analysis (Muñoz and Palmero 2006), anodic stripping voltammetry (Sanna et al. 2000) , X-ray fluorescence spectroscopy (Golob et al. 2005) , ion chromatography (Buldini et al. 2001) D r a f t 13 and two-dimensional thin-layer chromatography (Horvat et al. 2002) , amongst others.
However, in the majority of monitoring studies, the analytical measurement of the different metals has been carried out using analytical atomic spectrometric-based methods (See Tables 1 and 2 and the review articles by Pohl (2009) and Solayman et al. (2016) ). The main advantages of atomic spectrometric techniques are the excellent selectivity and precision, high or very high sensitivity, and the elevated sample throughput. In addition, most atomic techniques are easy to use and they are not expensive. The prevalence of atomic techniques over other approaches is evidenced by the fact that only one monitoring study based on non-atomic spectrometric techniques has been published to date (Fermo et al. 2013) . In this case, ion chromatography was used for the determination of diverse ions in honey samples for environmental purposes. (Conti and Botrè 2001; Yarsan et al. 2007; Perugini et al. 2011; Lambert et al. 2012; Sadegh et al. 2012; Satta et al. 2012; Gutiérrez et al. 2015) , given its higher sensitivity, has been employed for the measurement of trace and The great advantages of this technique are: (i) GRS analysis can be performed directly on several tens of grams of untreated sample (honey or honeybees) directly placed in the measurement beaker of the gamma-ray spectrometer without any sample pretreatment; (ii) the good analytical figures of merit achieved in terms of accuracy, precision, sensitivity and specificity. For these reasons, radionuclide measurements are much simpler than in the case of metals. Another advantage of the determination of the radionuclides by means of GRS is its general applicability. In contrast to metals analysis, the determination of radionuclides was performed in all cases without any sample pretreatment and using the same GRS analytical technique (see Table 3 ). These characteristics facilitate the comparison of results from different scenarios and countries.
The use of honeybees and honey for assessing pollution
In this subchapter, a literature survey of different works in which honeybees or honeys were employed in environmental studies as biomarkers is presented on the basis of the type of contaminant evaluated. State in the vicinity of a highway contained elevated levels of metals emitted by traffic.
On the other hand, Jones (1987) suggested that the analysis of honeybees could be a better environmental indicator than honey, especially for atmospheric deposition. Also, Bromenshenk et al. (1985) employed honeybees as effective monitors for environmental contaminants (As, Cd and F) in Puget Sound, WA, USA. Following these approaches, in the past few decades different studies have been carried out using both honeybees and honey. The studies in which honeybees have been used as the optimal matrix to detect environmental pollution are summarized in Table 1 . Lodenius (2000a, 2000b ) evaluated honeybees, honey and pollen as possible heavy metal indicators in Finland, and they concluded that honey and pollen are not good environmental markers (significant differences were not found in metal pollution in these two matrices), while bees themselves could be better candidates for this goal. Porrini et al. (2002b) and Maccagnani (2003) confirmed this result in studies carried out in Italy. A similar conclusion was also reached by Bogdanov (2006) , who stated that honey and other bee products (such as pollen, propolis, etc.) are inadequate for use as bioindicators for Cd and Pb, due to the natural data variability with these metals. In addition, a range of other studies were carried out using honeybees for monitoring purposes in Czechoslovakia et al. 2012, 2015, 2016) , Spain D r a f t (Gutiérrez et al. 2015) and Turkey (Silici et al. 2013 ) (details in Table 1 ). In all of these cases, the contamination levels measured in the collected honeybees are correlated with the environmental conditions of the area studied.
A (Fermo et al. 2013) , and Egypt (Rashed et al. 2009 ). Details of these studies are summarized in Table 2 . Nevertheless, other authors questioned the use of honey due to the lack of evidence for metal bioaccumulation (Pohl 2009 ). In addition, the great variability in the low concentrations of heavy metals detected in different types of honey (according to geographical origin, floral type, season, climatic conditions, etc.) impedes the establishment of consensus background levels and indicates that this substrate could be insensitive for the detection of differences in anthropogenic sources (Tuzen et al. 2007 ).
However, as it can be seen from the literature, the two approaches using honeybees and honey have been used. In a study performed in Italy by Leita et al. (1996) determined three metals (Cd, Pb, Zn) in honey, in mineralized honeybees (absorbed metals) and on the body surface of honeybees (deposited metals). Based on the results obtained from this study, these authors concluded that honey is very useful for detecting the presence of pollutants, while measurements on honeybees (both in mineralized and washed samples) also serve to follow the dynamics of metal bioaccumulation. From this point of view, it seems that the two approaches could provide complementary ways to evaluate environmental pollution due to metals.
It should be noted that other monitoring studies involving the use of other hiveproducts alone have not been proposed, except in the case of Kalbande et al. (2008) , who used pollen to biomonitor heavy metals in an urban environment.
Radionuclides.
Both honey and honeybees are also employed as substrates to study the pollution due to radionuclides. The first approach to control radioactive isotopes was carried out in 1979 in the USA. The surroundings of the Los Alamos National Laboratory were monitored (from 1979 to 1996) using dead bees as a research substrate. The results indicate that honeybees could be used advantageously in comparison to honey: tritium levels in the environment were adequately related to the content in honeybees but were poorly correlated with the content of this radionuclide in honey (Fresquez et al. 1997a (Fresquez et al. , 1997b . In addition, studies on radionuclide levels in three vegetables (white sweet clover, salt cedar and rabbit brush) did not show any significant differences between these substrates (Haarmann 1998a). Furthermore, bioaccumulation of natural ( 22 Na) and artificial ( 60 Co) isotopes was detected in honeybees but not in vegetables (Haarmann 1998b). Tonelli et al. (1990) stated that pollen is the best bioindicator for radionuclides because this substrate presented higher radionuclide D r a f t activity under the same conditions when compared to bees and honey. However, in spite of this consideration, the majority of European studies on the presence of different radionuclides carried out in Germany (Bunzl et al. 1988; Assmann-Werthmüller et al. 1991) , France (Devillers et al. 2002b) , Italy (Panatto et al. 2007; Schiuma et al. 2015; Meli et al. 2016) , Croatia (Barišic et al. , 1994 (Barišic et al. , 1999 (Barišic et al. , 2002 Kezić et al. 1997 ) and
Poland (Borowska et al. 2013) in the period 1988-2014 were developed by analyzing honey samples as the substrate (See Table 3 for details). This fact can be explained for two reasons: (i) due to the sensitivity of GRS, the gamma-activity in honey is sufficient for a correct radioisotope measurement with monitoring purposes, and (ii) the acquisition of the honey sample is much easier than for other hive products such as honeybees or pollen.
CONSIDERATIONS ON THE USE OF HONEYBEES AND HONEY AS ENVIRONMENTAL BIOMARKERS
It is evident that hive products are interesting substrates for monitoring the environmental status of the area surrounding the colony. The purpose of this work is not to discuss the levels of the different metals and radionuclides in diverse places throughout the world because the immense variability in the scenarios affected by the different boundary conditions (pollution sources, soil, geographical location, matrix substrate, etc.) would make this task extraordinarily long and of little value. However, several points with general impact on the strategies for sampling the environment by using honeybees or honey should be discussed. 
2012
; Satta et al. 2012 ) and that they are also able to detect early anthropogenic changes in environmental conditions (Sadegh et al. 2012) . Several comparative studies stated that honey is not appropriate as an indicator for metal pollution in comparison with bees themselves. Lodenius (2000a, 2000b) reported cases in Finland in which highly polluted honeybees produced unpolluted honey, leading these authors to D r a f t 21 conclude that honey may not be a good bio-indicator. Conti and Botre (2001) , in a study in Italy, and Silici et al. (2013) in Turkey, concluded that honeybees themselves better reflect the status of environmental health than honey. The conclusions drawn from these various studies suggest that honeybees should be selected as the preferred sampling matrix for heavy metal monitoring.
The use of bees either dead or alive also merits consideration. In general, the number of dead bees over a given period of time has been established as a means to determine the threshold for pesticide impact. If this threshold is surpassed, then analysis of dead bodies is performed for identifying and quantifying the compound responsible for the poisoning. Dead bees can also be used for pesticide and metal accumulation studies (Leita et al. 1996) , but live bees (and foragers in particular) are preferred for monitoring metals (Satta et al. 2012) . A bioindication study (Ruschioni et al. 2013) revealed that high levels of heavy metals are better detected in live than in dead bees. In addition, sampling with live bees presents other advantages over dead bees such as: (i) the sample size (number of bees to be sampled) can be selected without death restrictions; (ii) the age cohort of bees can be selected by sampling in different locations inside the hive (Van der Steen 2016); (iii) other hive-products (such as pollen) can be simultaneously sampled when using the appropriate traps; and (iv) the honeybee trail outside the hive can be tracked and even directed using modern micro-sensors and sound and chemical signals (Bromenshenk et al. 2015) .
(ii) External influencing factors. Factors not directly related to contamination sources can influence the concentration of metals and radionuclides in the substrates analyzed.
Therefore, these factors must be taken into account when the experimental design is carried out in order to minimize their effect. Since elements are transferred from the soil to the plants through the root system, and they pass to the nectar and then finally to the D r a f t honeybees and honey (Bogdanov et al. 2007) , the soil composition of the foraging area could affect the levels of metals and radionuclides. Previous studies demonstrated that honey samples with high natural amounts of minerals offer a higher resistance to reflect the effects of anthropogenic contamination sources (Üren et al. 1998) . However, to date, a direct relationship between metal content in soil and in honey or honeybees has not been established because metal uptake can be strongly influenced by soil type and conditions, pH, rhizosphere, metal bioavailability, etc. However, information about the soil composition in sampled and control areas could help to elucidate the influence of this aspect.
Another critical factor when honey is used as a biomarker is the botanical origin (iii) Selection of analytes. In general, the selection of the analytes to be measured was carried out by taking into account the characteristics of the possible pollution sources.
However, the choice of a set of common analytes could be an interesting objective. The adoption of a list of consensual analytes is an appropriate way to achieve comparable inter-study results with a lower number of assays. In the case of metals, (with the exception of particular cases in which the contamination source can be directly related to one or several specific elements), special attention should be paid to Cd, Cu, Pb, and Zn (used in more than 75% of the studies surveyed), followed by Cr, Fe, Mn and Ni (used in 50-75% of the works). In contrast, the analysis of other elements with minor information on environmental status could be avoided. For the case of radionuclides, D r a f t without a priori conception of the experimental design based on statistical knowledge, the resulting conclusions obtained can be poor and frequently biased. Therefore, the design of the sampling network is a fundamental aspect in these studies. The number of sampling stations and the number of samples analyzed per station should be carefully planned on the basis of the sampled area and the possible pollution sources. In order to guarantee representative information, the sampling experimental design might be assisted by using statistical distribution tools based on the probability of detection of the considered pollutant in the colonies or apiaries. In addition, when the colonies/apiaries are subsampled for honeybees and honey, the appropriate sample size can also be calculated on the basis of statistical considerations in order to obtain, in each case, a subsample that is representative of the passive sampling device: i.e., the whole hive.
Examples of different networks used on the basis of the determined analytes can be consulted in Tables 1-3 . The general guidelines for the establishment of the network appropriate size and the number of subsampled colonies is outlined in section 2.1 as well as in Pirk et al. (2013) , Dietemann et al. (2016) , and Van der Steen (2016) .
In most cases, pollution levels of the sampled area are evaluated by comparing to areas considered to be unpolluted zones. As a consequence, the selection of locations designed for control stations warrants special attention. It is assumed that unambiguously unpolluted areas in natural wildlife reserves or isolated sites have been used as the best options. However, these areas are not, per definition, unpolluted zones because atmospheric deposition of metals can take place over large distances from the emission source (Steinnes, 2013 , Van der Steen et al. 2015 . More detailed studies are required to determine background levels in control areas so that comparisons can be made among diverse locations used for such tasks in different countries. This could present an interesting study for establishing common criteria for the selection of D r a f t 25 unpolluted control zones.
(v) Sample pretreatment and analytical determination techniques. For metals, it is clear
that the lack of standardized determination protocols constitutes a serious drawback.
The high diversity of sample pretreatment procedures and analytical techniques applied for honeybees and honey in diverse geographical locations and from different origin makes it difficult to compare the measurements carried out by different authors in distinct locations. Although several studies dealing with the effect of different sample pretreatment procedures on the final results have been published (Fredes and Montenegro 2006; Tuzen et al. 2007) , the need to define a common protocol for pretreatment and analysis of these substrates has become evident for enabling comparisons between results, optimizing data collection and minimizing the time and effort required. As a guideline for establishing future standardized protocols for metals, microwave-assisted wet acid digestion followed by measurement by ICP-OES or ICP-MS seems to be the best approach. Following this strategy, the combination of the appropriate sample pretreatment with a determination technique characterized by its multielemental character and very low detection limits is considered as the optimum option.
(vi) Data analysis. In general, the consideration of diverse zones as polluted is made by comparison with a control zone considered to be unpolluted. Therefore, statistical tools should be applied in order to test the differences between these areas for each metal or radionuclide considered; e.g., for parametric data, an ANOVA-test or a paired T-test can be used to determine whether there are any statistically significant differences between the means for each metal for the independent studied areas; for-non parametric data two types of non-parametric data test, the Kolmogorov-Smirnov two-sample test or the Mann-Whitney U-test, were also used (Porrini et al. 2002b) . To test the existence of (2013)). Additionally, classification models based on pattern recognition multivariate procedures (such as discriminant analysis, soft independent modeling of class analogy, neural networks and others) could be used for classifying a zone as polluted or unpolluted on the basis of the levels of metals and radionuclides measured.
CONCLUSION
It has been demonstrated that honeybees and honey constitute excellent substrates for monitoring the environment surrounding the hive. However, to ensure the success of this approach and to obtain comparable results among a variety of scenarios, the different steps of the analytical process need to be carried out carefully. Al, Cd, Cu, Cr, Fe, Mn, Ni, Pb, Se, Zn -Dry ash (450 ºC) followed by dissolution in HNO3 (25% v/v) to a final volume of 10 mL -Wet digestion using 2:1 HNO3:H2O2
D r a f t
followed by dissolution to a final volume of 10 mL -Wet digestion using 3:1 HNO3:H2O2 in a microwave assisted digestion system followed by dissolution to a final volume of 5 mL − Radionuclides present in honey samples depended on the area foraged, the mineral composition of soil, the floral type. − Other influencing factors are the preferential absorbability of the radionuclide by the vegetal, use of fertilizers, irrigation water and climatic conditions.
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